A strategy has been developed to screen very rapidly many individuals and loci in one step to screen for qualitative genetic difference among different populations. Genomic DNAs of individuals are digested with a restriction enzyme and then pooled according to the phenotypic character to genetically characterize. After electrophoresis on the same gel of the different DNA pools, the DNA fragments are hybridized with synthetic oligonucleotides of 4 base repeats. The hybridization patterns obtained with the different pools of DNA are compared and are used as references to analyze the individual profiles. This strategy was used to screen the genetic structure of several breeding groups of the European pond turtle (Emys orbicularis) from department of Indre (Brenne region), and Var, both in France at 4 geographic scales. The results are concordant with those obtained using morphological and mtDNA data.
Introduction
Various tools are available to study population differentiation by quantifying polymorphism among different breeding groups. Belonging to a breeding group can be viewed as a special case of a phenotypic trait. The search for genetic basis of phenotypic character can be achieved by characterization of a polymorphism with genetic basis linked to the phenotypic character. Various molecular tools have been developed to search for such polymorphism, for example RAPDs, RFLPs, AFLPs and ISSRs.
The main goal of this work was to develop a simple and rapid method to screen genetic polymorphisms in a turtle for many individuals and many loci without cloning procedure. Some turtles are characterized by low heterozygosity (Blanc et al., 1988) or low genetic diversity (Avise et al., 1992) . Variable number of tandem repeat (VNTR) loci may lessen this prob- lem to some extent as they are generally characterized by high heterozygosity. Microsatellites in reptiles and other biota, have been used for estimation of relatedness, taxonomy, sexdetermination, hard core population genetics, conservation genetics, and phylogeography. In this study, we have analyzed the hybridization of synthetic oligonucleotides composed of 4 base repeats on genomic DNA of the European pond turtle (Emys orbicularis). Then, 4 probes have been chosen based on their frequency among the E. orbicularis genome to further distinguish individuals from 4 breeding populations belonging to 2 subspecies living in France (Indre in Atlantic drainage basin and Var in Mediterranean drainage basin) (Fritz et al., 2005 (Fritz et al., , 2007 ). An independent mtDNA study has shown a strong genetic structure of populations for this species (Lenk et al., 1999) .
Materials and methods

Origin and capture of animals
Animals were adult turtles (Emys orbicularis) of both sexes from the two French sub-species according to the classification of Fritz (1995 Fritz ( , 2005 Fritz ( , 2007 . The first one, E. o. orbicularis, is in the department of Indre (Brenne region), the second one, E. o. galloitalica, in the department of Var.
Brenne is an Atlantic region (47 • N) with approximately 1200 ponds. Groups of ponds are inter-connected by ditches. Two sampling areas were chosen in this region. In the first area, two ponds were sampled (Neuf and Fontenelles distant from 100 m) from a group of seven ponds. The second area had only one pond (Salles) at a distance of 20 km from the first area. These two areas in Brenne belong to two different drainage basins. Turtles were captured with baited traps or by hand at different times during the activity period. Var is a Mediterranean region (42 • N) where turtles live in streams. Animals were captured by hand in various stream covering an area of 200 km 2 . Straight distance between Var and Brenne is around 530 km.
DNA preparation
In the field, blood samples (0.5-3 ml) were drawn from the foreleg using a heparinized syringe. Each sample was adjusted to 15 ml with 0.01 M phosphate buffered saline (PBS) and kept at 4 • C for 1 hour. Then the supernatant was discarded and the loosely packed cells were suspended in 15 ml of ice-cold PBS and kept on ice for 1 to 48 hours before transfer to the laboratory. DNA was prepared using 200 μl of blood cells (which are nucleated) and followed by a phenol/chloroform-iso-amyl alcohol extraction (Sambrook et al., 1989) . DNA was dissolved in TE buffer (10 mM TRIS-base, 1 mM EDTA, pH 7.5) and quantified using fluorimeter TKO 100 (Hoefer Scientific Instrument) in TNE buffer (10 mM TRISbase, 1 mM EDTA, 200 mM NaCl, pH 7) with Hoechst 33258 0.001% as fluorochrome.
Probing genomic DNA with four-bases repeats
Four-bases repeats belong to 25 different sequences when both sens and antisens strands are grouped together (e.g. 5 -(AAGC) n -3 hybridize to the same loci than 5 -(GCTT) n -3 ). Palindrome sequences (such as (AGCT) n ) forming selfhybridizing hairpin are not taken into account. Hundred pmol of 5 repeats of these 25 sequences were labeled by a tail of poly-A and U-digoxigenin according to the condition specified by the manufacturer (Boehringer Mannheim, DIG-DNA oligonucleotide tailing kit). A serial dilution (0.006, 0.018, 0.042, 0.06, 0.18, 0.42, 0.6, 1.8 and 4.2 ng) of each oligonucleotide was deposited on nytran membrane (Schleicher & Schull) using slot-blot. On each of the 25 membranes, 0.5, 1 and 2 μg of boiled genomic DNA of Emys orbicularis were deposited. The membrane was exposed at 365 nm, 120 mj/cm2 (Stratalinker 1800, Stratagene) to crosslink DNA. The blots were prehybridized with 10 ml of hybridization solution (Boehringer DIG protocol for DNA hybridization) for 2 h at 45 • C, and then hybridized for 14 h at TM-5 • C in the same but fresh buffer with 2 pmol of digoxigenin-labeled oligonucleotides. The blots were washed twice in 0.1% SDS 1× SSC (0.15 M NaCl, 0.015 M sodium citrate, pH 7.2) at room temperature for 15 min each and twice in the same but fresh buffer at TM-5 • C for 15 min each. Then, the blots were washed in 100 mM maleic acid, 150 mM NaCl pH 7.5 for 5 min at room temperature. Alkaline phosphatase linked anti-digoxigenin antibodies were added according to the protocol specified by the manufacturer (Boehringer Mannhein). Revelations were finally performed using 0.1% Lumigen PPD (Boehringer Mannhein) in 100 mM TRIS-base, 100 mM NaCl, 50 mM MgCl 2 pH 9.5. Several exposures, varying from 5 sec to 30 min were made of each hybridized membrane. Results have been digitalized and analyzed using Image 1.61 (Wayne Rasband, NIH) on an Apple computer. Densitometric relationship between the quantity of probe and the integrated density of the output signal has been plotted for each oligonucleotide. Therefore, the corresponding density for 1 μg genomic DNA has been established. Using this procedure, we alleviate the problem of non-linearity of luminescence and the potential difference in probe labeling. The result is expressed in "equivalent μg of oligonucleotide probe per ng of nuclear DNA".
DNA fingerprinting
Genomic DNA (40 μl) was digested to completion with Alu I according to the conditions specified by the manufacturer (Gibco BRL). Digested samples were quantified using fluorimeter TKO 100 (Hoefer Scientific Instrument) in TNE buffer (10 mM TRIS-base, 1 mM EDTA, 200 mM NaCl, pH 7) with Hoechst 33258 0.001% as fluorochrome. Ten μg of each digested sample were electrophoresed in 0.8% agarose gels, 20 cm long, 1 cm thick at 50 V for 14 h in TPE buffer (36 mM TRIS-base, 10 mM EDTA, 30 mM NaH2P04, pH 7). The 1 Kb ladder (Gibco BRL) was used for molecular weight markers. Gel-fractionated DNA samples (0.25 M HCl, 40 and 10 min; [1.5 M NaCl, 0.5 M NaOH]; [H20]; [10 mM TRIS-base, 1.5 M NaCl pH 7.5]; each of them 2 times 15 min) were transferred onto Nytran N membrane (Schleicher & Schull) using Posiblot (Stratagene) at 70 mm Hg for 1 h. The membrane was exposed at 365 nm, 120 mj/cm2 (Stratalinker 1800, Stratagene) to link DNA. Hybridization of 4 pmol of probe in 20 ml of hybridization solution and revelation were performed as described for slot-blot. Molecular weight markers and nuclear digested DNA were revealed with methylene blue on membrane after transfer (Wilkinson et al., 1991) . Duplicate samples were run on the same gel to evaluate the variation of the pattern. Autoradiographs were examined visually or scanned using Image 1.61 (Wayne Rasband, NIH).
Results
Four-bases repeats content in Emys orbicularis genomic DNA
The genomic content of the 25 four-bases repeats are shown on fig. 1 . Three sequences are highly present (CAAA, CCCA and GGAT). Hybridizations of GGAT, GATA, GGCT and GATT probes have been performed on Southern-blot against Emys orbicularis genome. GGAT, GATA and GGCT produce fingerprints whereas GATT does not which indicate the absence of such a repeats in the Emys orbicularis genome (see below). Therefore, the seven most frequent are present in the Emys orbicularis genome whereas the nine with the lowest frequency are absent. Some doubt remains for the presence or absence of the tetranucleotide repeats between these two extremes ( fig. 1) . No relationship between the frequency of AT bases in a sequence and their frequency has been found (non-parametric Kendall correlation corrected for ties in the nine lowest represented sequences; z = −0.72, p = 0.46). On the other hand, the number of repeat bases within a tetranucleotide and their frequency are significantly correlated (non-parametric Kendall correlation corrected for ties; the nine lowest represented sequences are considered as absent; z = 2.21, p = 0.02). The conclusion is the same if the doubtful occurring sequences are coded as absent (non-parametric Kendall correlation corrected for ties; the 18 lowest represented sequences are considered as absent; z = 2.5, p < 0.01).
For further analysis, four oligonucleotides have been chosen: a very highly represented one, GGAT, an intermediate but common in most genome studied, GATA, and two low representative sequences, GGCT and GATT.
Profile analysis of individuals
Three of the four oligonucleotides hybridized with the turtle genomic DNA on Southernblot. Only (GATT) 5 oligonucleotide did not hybridized although the probe was normally digoxigenin-labeled. The three probes producing a positive signal reveals fingerprints with polymorphism. Fig. 2 shows hybridization with (GATA) 5 probe of DNA samples of 16 animals, one of which was duplicated to determine whether the pattern was well reproducible. The patterns were scanned and analyzed by tracing a vectorial line corresponding to each band. The duplicates were identically interpreted until 4600 bp. Taking into account only the bands of molecular weight higher than 5400 bp, the number of scorable loci can be estimated according to the method of Stephens et al. (1992) modified by Jin and Chakraborty (1993) . Thirty-four levels of band sharing can be analyzed. Let s k being the frequency of the kth band, the frequency of the allele is then 1 − s K . The biascorrected number of loci (L BC ) is estimated by the corrected sum of the frequencies of the alleles (L BC = 9.92) (Jin and Chakraborty, 1993) . The population should exhibit a HardyWeinberg structure for the alleles studied, and alleles defined by bands should not be in linkage disequilibrium (Stephens et al., 1992) . Both these assumptions are impossible to test because the intensity of the bands does not enable the distinction between homozygotes and heterozygotes. The curvature of the migration is the main limiting factor for the precision of gel analysis. Thus, the patterns in different gels are difficult to compare without many errors. To search for a genetic marker of the geographic origin of animals (or any other phenotypic trait), many animals must be analyzed. As this is not possible on the same gel, another strategy has been developed.
Profile analysis of geographical pools
In order to obtain the mean genetic pattern of a population and to compare it to the mean genetic pattern of other populations, pools of DNA, each from several individuals of a population, were analyzed on the same gel. DNA of each individual was digested with a restriction enzyme, quantified and then pooled with the DNA of other individuals in one Eppendorf tube so that each individual was represented by the same amount of DNA. The amount of DNA was then quantified again, and 10 μg of each pooled sample was electrophoresed. The comparison of patterns was performed with both visual and densitometry analysis (Image 1.61).
The mean patterns of animals from the different ponds of Brenne, connected as well as separated, were roughly similar whatever the probe used (see fig. 3, lanes 1-3; fig. 4, lanes 1, 2,  3) . Only, some differences in the intensity of some bands were observed (see arrows in figs 3 and 4). By contrast, the mean patterns of animals from Brenne were different from those of Var with the 3 probes (GATA) 5 (fig. 3 , compare lanes 4 and 5), (GGAT) 5 (fig. 4 , compare lanes 4 and 5) and (GGCT) 5 (not shown) and no common band was detected.
Discussion
A strategy based on fingerprints obtained with DNA microsatellites has been tested to screen rapidly the genetic structure of populations of the European pond turtle (Emys orbicularis). This strategy used hybridization with microsatellite probes in a Southern-blot with individuals pooled according to the origin of animals. To allow a more appropriate choice of probes, the occurrence of all kind of tetranucleotide repeats has been established for the E. orbicularis genome. Sequences with the highest number of base repeats within the tetranucleotide repeat are more subject to be present in the E. orbicularis genome. The same conclusion is reached for human and carot genome (Girondot, not published). Then these sequences should be used preferentially to study an unknown species to ensure a larger genomic representation.
Two subspecies of E. orbicularis were previously described in France based on morphological characters (Fritz, 1995) and further confirmed with mtDNA (Fritz et al., 2005) . The mean genetic patterns of the four breeding populations have been obtained by pooling DNA of several individuals from each of these populations. It allowed analyzing in one step a very high number of individuals (103 for the gels of figs 2 and 3) from different geographic origins without any cloning procedure. The probe (GATA) 5 revealed approximately 10 different loci in a single hybridization, and the number of loci visualized by the probes (GGAT) 5 is similar. Further analysis of (GGCT) s pattern using other enzymes have shown that such repeats are localized in only one large locus in Emys orbicularis (not shown). Therefore, the mean profiles corresponding to more than 100 individuals of different populations are directly compared on the same gel with probes revealing 1 to up to 10 loci for each hybridization. We observe a large homogeneity among the three tested populations from Indre (Brenne region) but a drastic difference of fig. 3. these populations compared to those from Var. This conclusion is concordant with the data obtained using mtDNA (Lenk et al., 1999; Fritz et al., 2005) . Similar strategy mixing individuals from the same phenotype has been used to search for agronomic marker with RAPD markers in plants (Tingey and Del Tufo, 1993; Yu and Pauls, 1993; Segovia-Lerma et al., 2003) or to search for mutation in a complex mixture of human DNA (Klein et al., 1999) .
However, whereas this method is useful to screen qualitative differences in the distribution of DNA microsatellites, it cannot screen quantitative differences. Particularly, the classical values used to quantify the genetic structure of populations are missing. Recently, population genetic parameters have been estimated from fingerprints (Stephens et al., 1992; Chakraborty, 1993, 1994; Stewart and Excoffier, 1996) , but the hypotheses used for the calculations are often impossible to test (HardyWeinberg structure at the loci, no linkage disequilibrium, average heterozygosity below 90%). The method presented here can be viewed as a preliminary method to detect a genetic structure in a species because it allows to obtain first results in less than one week from the blood sampling to the production of gel pictures without any cloning procedure. The numbers of individuals pooled must be as large as possible and must include both males and females to get informative results, and significance tests must be done at the level of individual profile. Thus, difference in number of individuals in pools or possible sex-linked markers will not bias the conclusions.
